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(57) Abstract 

Compounds represented by general 
formula (1), and reagents containing the same 
for determining nitrogen monoxide (wherein R 1 
and R z are amino groups bonded to the phenyl 
ring at positions adjacent to each other; R J , R\ 
R* and R 6 are each independently C t -C 6 alky I; 
R 7 , R 8 , R 9 and R 10 are each independently 
hydrogen, Cj-Q alkyl, ally I or halogeno; R u is 
hydrogen or Ci-C I8 alkyl; and X" is an anion). 
The compounds react with nitrogen monoxide 
efficiently to produce fluorescent compounds 
which emit intensive fluorescence when 
irradiated with a long-wavelength excitation 
light. The fluorescent compounds are 
detectable in a fluorescence region wherein 
little influence of auto fluorescence of cells is 
observed, and characterized in that the intensity 
of fluorescence is not lowered even under acid conditions. 
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m hb $ 

7 7 ^v->7, 1997 ^5fl^#i)„ -$Hb^fi!<DiI'];t££tt, -gHfc 

^wiHfc£fi?^T*fc5 no 2 - ^ no/ ^ffl^^gft^fti:. -SHt^lf 

jfcfe (Palmer, R.M. , etal., Nature, 327, pp. 524-526, 1987) , tti"^*:? 
n t*y(0 2 Hb)^-fb$n-C!feC5metHb<DP^llX7>-<^ h/U£«£-f (Kelm, 
M. , et al., Circ. Res. 66, pp. 1561-1575, 1990). WISrlWftlcSlL&A/'CBt 
ft$*l*i:#K:jeii5«jitt"C^I:1-5*jfe(Shibuki, K., Neurosci. Res. 9, 
pp. 69-76, 1990; Malinski, T. , Nature, 356, pp. 676-678, 1992), 
*5£fe(Green, L.C., et al., Anal. Biochem. , 126, pp. 131-138, 1992) 

<D7^n-^12, NOj, pp. 42-52, 3. NO 5B@it£, ;»*#/Hfa. 

-tb*ff ; Archer, S., FASEB J. , 7, pp. 349-360, 1993) 0 
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-MStainton, M. P. , Anal. Chem. , 46, p. 1616, 1974; Green, L. C. , et al. , Anal. 
Biochem., 126, pp. 131-138, 1982) K? vMSawicki, C.R. and Scaringelli, 
F.P., Microchein. J., 16, pp. 657-672, 1971) X N0 3 " £ N0 2 " LXMtE 

yv-xRfcmtmmt no 2 - m&tzzktxv-mk^zmfctztz 

t><O^Mt IX 2,3-v ? 7 5/^7^W'y(2,3-diaminonaphthalene)^^j^tl-C 

V^„ CKDtygte, m&&WTX N0 2 " bB.foLX%%&ttMfcXh%1-7? V 

yyyr^-^ (lt#£: l-[H]-naphtho[2,3-d]triazole) £^$-t"5(Wiersma, 
J.H., Anal. Lett., 3, pp. 123-132, 1970) . 2, 2-i/7 5 J 77:? Wh N0 2 " <0 

Kfc&mz.^x\m'fflt$m&tix#Y) % sjm P H2trF-?^t>)i<iifru 

^£T-Cli^5^^T*^T-f5(Wiersma, J.H., Anal. Lett., 3, pp. 123-132, 
1970; Sawicki, C. R. , Anal. Lett., 4, pp. 761-775, 1971), ttz, 4j&L/ctt 
tomt pH 10 &±T*S:t>$$<U&ft£3§-f <5(Damiani, P. and Burini.G., 
Talanta, 8, pp. 649-652, 1986), 

z.<d 2,3-^7 $ yt7^ is>zm^-mtm<DMfe%&ii, ®mmR& 
m+rMU&xh'o, yy-xmi&mztt^x so~ioo igta^-c-fcs^vN^ 

4#$i#fc<5(Misko, T.P., Anal. Biochem. 214, pp. 11-16, 1993) „ £tc, ~<D 

% : (kXhZ> (a±t-OV^T, &fft<b LT DOJIN News, No. 74, Information NO 
<Dmj£U.W : 2, 3-Diaminonaphthalene, tt^^ttl^t^f^^^ff , 1995) e 

2,3-^7 5/ 7 N0 2 " tf)£££&$H4T(pH 2 UT) T?tT9 £ 
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I§^frefc5#/^*v' PTIO t£H) ©H*ji©flR3ET-Ctt, 2,3-^7^77 

u *#tt©7 7* i/y h y r/-^xii ; e<7)^fr^4-x.5r t'tjuwufc. 

tSlt*0-iWI:fi*S:lE?tt^*"C^5rt*affiUfc MWPP 7-189978 t^fcffl 

't*»L&#&, 2,3-^7 5 /•^7^uytfflV^5±E©*ft'Ct±» **©tfeUi 
fcfcl^T 370~390 nm U&<Dfc&%<DW)&yt%WL JttS^fcSO"?, »j£ 

***E*fc*irrSifc#H»T?*>ofc. 2, 3-^7 5 7 77*1^8 ft 
166-167 fcJi#^ 2-P-26, ttHifcA H *fc*£»fr* 1996 ^ 10 J3 23 B). 
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R 1 R 2 




£^L;R\ R 4 , R\ Rtf R 6 l4*fteft&£l-C^7/l'*/l'g£*L ; R\ R\ R\ 
R\ R\ St? R 8 ri^?vwg ;R\ R 8 ., R 9 , St) 5 R 10 ^zMStJ^-Cfc^fB 

R 21 R 22 




[Sf , R 21 St? R 22 liSV^^^t-C7x^/^m±^^L/c^^t^^ ; lr^^ 
tS-N-N-NR 4 '- R 4 ' li*^*, C,.„ T^/US, Xttl^t<lt 4 l 

Bft7 7^*^SSr*1"> "CaSftSSfc*"*-^ XI4R 21 R 22 I47x-^ 
3t±©B&Ufcffctt£t&t57 5/ S;Rtf= ho t ; R 23 . 
R 24 % R 2S , R 26 tt^^ttSliat C M 7>wf ^S**L ; R" . R 28 , R 29 , 



WO 99/01447 



PCT/JP98/02924 



K*fc*U R 3 ' {4*^1^X14 c M8 Y -tttt-f*y«r*+] 

■WftSii5fl:^*#li*-*ii''5. r©«W0#*L^«ttfc.fctitf» R 23 , R 24 , 
R 25 , Rtf R 26 aSi^uSTffeU ; R 27 , R 28 , R 29 , R 30 #*JW!t*-e*>a 

(I) ttisixZfcGtot>-mk'&MbEL&Z#SJM;&xr, (2) ±EXS(i) 

fcU-CfcSo 13$, (a) I4S&&*^ h/U (Em. 580 nm), (b) tt&ft*^? h 
A- (Ex. 565 ran) fc*U — lMftfc*©*Jfctt, 1: 0.11 jiM, 2: 0.21m M, 3: 0.32 
pit, 4: 0.43^M, 5: 0.53mM, 6: 0. 64 m M T*£>5<, 

fcia-CfcS. Ht, (a) RV(b) 14**1***1 N0C12 N0C13 £Ji3^fc»£© 
feg^U 1, 2X^3.^1', 2'&tf3'l4, ^tlftl 10 k If. 50 tiU R 
XI 100m M ©N0C £&#&$*£»■&©£*£* LtV 5. 
m 3H 14, 5£(II)<7Mfc£#» (DAR-1T) ftK£©tiHH (4ft ttt) 

» 5 H tt, fl * 0 IM&fcffft"*- 5 -IMt&ili £$J£ L L II T* 3 0 

lit, (a) {4$lJ$1i©«©igii!l£ 1 mM L-Arg LfcHOfcflS 
W y**."*- h 35 # : -IMfc£*M£SlBS) ; (b) l4*t$iM©»©ig 
1 mM L-Arg *r^tr*»-CWftLfc*©»bS:*t W y***- h 75 5> : 
-^bt^^M^flS) ; (c) I41g(a) ©i£]&£ 1 mM L-Arg + 10 mM NMMA 5: 
£trgfllTEftLfc&©£{fcS:*"t W^a^-h 108#:NOS Pt§#J#ft 
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£ (ft* t < ii c M 7/u*/i^b , xnijft^ l < tt*ssftw7 y 

<» JWW&fctt, fllxli, ^fvug, x^uS, n -7°nt>S, -fy^ntVuS, 
n-yf-^S. sec-7*^S> tert- 7>A<aftif$rJ8^.5££jJS"T*£3. 7!J- 

R\ R\ R\ XV R 6 tt**i^iHfc4ls C M 7/t'***fc*1-#v rft^Ogtf 

II C M8 7fr*ivm, ft* L<tt C«7/^/uSSr*L, J:9ft* L< tt**® 
^Xttxfvv*, #fcft* U<tt*#«H t «:*r, x - #jj*t*-f a-^wMRtt 

m**^ ffluty* mt<(*y. ^yfi^<r>nm 

t9>zA>ftywt4*ys v-h^yxju*y$y*y, WtikJty. 9*yWt 
4*yt£a<D%®mj*y&m^z.b#i?%z 0 

R\ R\ R\ R.XI R'° tt-t*l-e*ia4fc*#im^, C rt 7/^/H, 7<JA-g 
(CH^CH-CH,-) , Xl±^nyy^^^-f 0 ssntfy&Tt LX\X 7 vHkMXs 
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±EW^(II)^*iVN-C, R 21 RV R 22 liS^lc|S^LT7^-/^±£Dg|gL 
fc{illC^?r^-r5-N-N-NR 41 -S^^-r 0 ^C"C\ R 4 ' liTKHfl^ SiSXI* 

Tit, -O-^/ug, y^fvug, /<7> Ndf-^y^S, h 

5 0 R 21 R 22 li7xn/U^±©^L^SlCtm-r57 5/SSt; 

= haS^0^b-Br^t. R 21 RV R 22 m^f *L*»-#«7 5 7g£*U 
h n S^^-r o R 21 Rtf R 22 # jjH"7 5 / Sliitg^X'fco r t J; v^s, 
Wx.«, C wa 7**^m W t L < (i C,. 6 7/w*/Ug) -^±ia(cm^L/ct^ 
L < (i«1^7 U ttz c M 7/i"*/i'Sfc l UOn 

Tt>«tV\ 7-fe^/H, Ky7/^n7irf^S, ^y^A-g&£V>7 

R 23 , R 24 ; R 25 . R 26 tt**i€*Utt4fc C„ 7^^it«t#, ^.iib 
<D&fc7fit7Jl<*/l<mzm-X'b&f£'3X^Xi>±\,\ flfctf, r 23 . r 24 > r 25 , 

so 5 r 2S ^v^t^^^S-cfe5<b^«*i§^w^ji^fi|-efe5o R 3 ' ft 

< ft**** Xtt^fvbg, L<li*^J^£^1\ Y " 

y, t tyftzotimj *y%m^z ttfxz Zo 
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R 27 , R 28 , R 29 , R 30 ttth^Jtttifc**!**, C M 7 y 

JUSI**, X tt a * iBE*© v vf ti-C t><t V ^\ fiSf -Cfc 5 £ i U\ 
R 27 , R 28 , R 29 , &.IFR 30 ^f>8tf*i51SISoiSMfcltt«p|j:||R^$*i<cv^is, 

±E©Jt(D ©fb^*»r«;(ii)©ft;^* (fc*ru R 21 r 22 i^x^ 

StlSfl^ft©^ R 2 ' R 22 #SVM£fc£LT7i^m±©R8Lfc& 

mi^^m^-r^-N^N-NR^'-S^^I-^ti^o^-cii, ±tEst(l) oik&Vsb 
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fftEi-Z>Z.tfctobtlX^Zi\ S(I) RXf7£(U)X$tZtlZ>*%m<D{t£V>)<D 

%m t t r v * 6 r ^ its \zmm £ ti £ 5 0 ^ » «t 
ym*Bj&Ltz*%w<7)it&v>> (i)' (iiy&wTi^-r &mm) r 

OKlI)<^k£til^J£LT:fc*), R'~R 10 , R 21 -R 30 li±f20£||<Di::fc9 

xhh) a ftfc, ±e^(i) RV^di), M^iE^-i^^-cii, mi: 

S± <D t SrttS L r *H-rt T? y t* -7 * - ^ * V £ ® $1" 5 ii£ # "9 , 
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(i)' 



(ii)' 



W£<7£.(U)Oit£to (fc«TU R 2 ' R 22 li£V*IO»*LT 
7 x =.^± Rft t fcftfi I- S fcJ&fcl" 5 -N-N-NR 4 '-g * £ 4$ 

ft^KlttnCftfrTKJSV^-Cttfe-CJIV^** (emission: 580 nm) £$H-3teff 

fc£-$> £ £R£ S -fr-OStt I) o<b*»«r4rt £ *(II) ©{k£$> 



risJS-Ct, pH 6.0~8.0 ©jgffl, &*L<fi pH 6.5~7.8 ©j6H, 
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XV &$ L< 14 pH 6.8-7.6 vmtff 9- b&UZZ* 
Jfertftfciii«g©$l£i*IS (R" #**llirc-«><fc;ai« £$l&-f £fc&©7n h* 

Wiersma, J. H. , Anal. Lett., 3, pp. 123-132, 1970; Sawicki, C.R., Anal. Lett., 
4, pp. 761-775, 1971; Damiani, P. and Burini, G. , Talanta, 8, pp. 649-652, 
1986; Damiani, P. and Burini, G. , Talanta, 8, pp. 649-652, 1986; Misko, T.P., 
Anal. Biochem. 214, pp. 11-16, 1993 ft^fUfT^ £#!&). #3£l8©-»{fc& 
*«3£l^^-Ctt, M±\f. ®&1tkLX565 nm ggWft&RBWU 580 nmg 
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%±%mm m*.\f, mmtyKM^ti ^matxh^\ ^^K^feH 

xii n-o, s-o, p-o tet'®%\mm.l-ftffi^h?>**i'm£$:%t5ik 

&%>X*htl\imcmj££tltj:^i!>\ 0?x.lf, PTI0(2- 7^-^-4,4,5,5- Thy 
/J-JH y-l- Maeda, H. , et al., J. Leuk. 

— • 

Biol., 56, pp. 588-592, 1994; Akaike, T. , etal., Biochemistry, 32, pp. 827-832, 
im)£tzi*Z<Dm^-fc (PTIO <D7 x-/Ug<D p-mc% ;l>ti*'/jvm^A&tl 

Mfb##:5££tt> Organic Chemicals Catalog, 32, 1994 ft t'tCfE^tlT^S)* 
fc< ttaH^-r^^-^^ICMtT 1/xM &;£L<li 10-30/xM , 

i9»*L<l± iO~20/iM ttEoltfc'8:l:#ffiU\ 
jTCtt. 10-20/iM 8ft©*«:«&Pl-5ii#ff*U^» 

omfi^tR^$tb5r. fcttttis mSAI*. "DAR-l" HLhEW^-AtUiSE 
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1 : DAR-1 [9-(2-carboxy-3, 4-diaminophenyl)-6-diethylaiiiino-3H-xanthen- 
3-ylidene]diethyl-iminium] (DMxk 

2, z^st h n t~ u y mm*, mmmz i ^m^xr-t ^/wt 

- ■ * 

ai-5Bft«r«ISU 3-71? h75 K-4- =. h B#t*7^yW»tr#fc. 

Lfi»©jaiSE-Cdf.'>l/yt»#Ufc N,N-v^5vU7 */7i/-^5: 30 £d»rt 
TffiTU 18 B9PDSi!K«rmeLfc. *^y£©£Lfc&. mtitti/DiifA' 
*7A?nv h^^-TlSSU 3-71? h75 K-4- =t>nn-^5yi| 
[9-(2-carboxy-3-ainino-4-nitrophenyl)-6-diethylamino-3H-xanthen-3- 
ylidene]diethyl-iminium]?rt#^:o 
C^Hj.NA F. W. 503. 558 

'H-NMR (300MHz, DMSO-ds) 6 1.08(t, 12H, J=6.8), 3.35(q, 8H, J=6. 8) , 6.38(d, 
1H, J=8.6), 6. 42 (n, 4H), 6.67(d, 2H, J=9.8), 8.04(s, 2H), 8.33(d, 1H, J=8.6) 
±M<D 3-71? h7 5 K-4- - hnv~y*ymm&&&m t ¥X'mMLX%<i.7 
-fefvWfcU 4j*Lfc 3-7 5 7-4- = huu-^^y^mt-f-hV VJ*RVfc 

7 7^-effi»LTBWfc (DAR-1) (m. p. 145 °C, decomp.) 
CzAAOi F. W. 473. 578, 
MS (EI) (m/z) M+ 473 

'H-NMR (300MHz, DMS0-d 6 ) 8 1. 08 (t, 12H, J=6. 78) , 3.33(m, 8H), 4.98(s, 2H), 
5.86(s, 2H), 6.06(d, 1H, J=7.68), 6. 37-6. 41 (m, 4H), 6.55(d, 2H, J=8.61), 
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6. 78 (d, 1H, J=7.68), 11.95(s, 1H) 

0ij2 : DAR-1EE [9-(3, 4-diajnino-2-ethoxycarbonylphenyl)-6-diethylamino-3H- 
xanthen-3-ylidene]diethyl minium] <£>Mis 

m i x-'&t. dar-1 *mmBi.x*^ $ j -twm&mzmm lt 2 n&wn it. 

C30MA F. W. 501. 628 
MS (EI) (m/z) M+ 501 

'H-NMR (300MHz, CDC1 3 ) 8 0.66(t, 3H, J=7. 1), 1.33(m, 12H), 3.61(q, 8H,J=7.3), 
4. 19 (q, 2H, J=7. 1), 4.55(s, 2H), 6.05(s, 2H), 6.33(d, 1H, J=7.9), 6. 74 (d, 
2H, J=2.2), 6.83(dd, 2H, J=9. 7, 2.2), 6.94(d, 1H, J=7.9), 7.45(d,'2H, J=9.7) 

0ij 3 : DAR-1T [9-(7-carboxybenzotriazol-6-yl)-6-diethylamino-3H-xanthen- 
3-ylidene]diethyliminiuin](7)Mja 

m 1 X'&bhtz DAR-l ? ;-mz.®ulx NO #*£e£ti2^fc 0 

ft&SrHfc (m.p. 300t£(±) o 
C 28 H3oN 5 0 3 F. W. 484. 558 
MS (FAB) (m/z) M+ 484 

'H-NMR (300MHz, DMS0-d 6 ) 61. 10 (t, 12H, J=6.4), 3.34(m, 8H), 6. 50-6. 7 Km, 

7H), 8.01(d, 1H, J=8.1) 

lsi;fci&ll Ex. 565 nm - Em. 580 nm 

o.i m yy&mm (pH 7.4) \z io^m <d dar-i £$ft?u m*v>i&&. (0.11 

/iM, 0.21 fiM, 0.32 mM, 0.43 /iM, 0.53 /iM, 0.64 /iM) <D-&ik£MZfclN 
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h/U (Em. 580 nm), (b) \±1k%Z^? (Ex. 565 nm) £*t. ~$Ht 
S^O«Sa s ±#"r5lJ:oilT. Rj£$fc^-C4fifcLfc h !J7^/l4 (DAR-1T) 

-|Wt»*©iMftili LTgBft N0«4»J-C*)5N0CS (Hrabie, J. A., J. Org. 
Chem., 58, pp. 1472-1476, 1993)0) 9 *b NOC-12 (22*0, pH7.4, 0. 1M 

-«<fc£*& DAR-1 * Rfcffltb LX 0. 1M JJ >#jgfrr£( P H7. 4) £ 

ffl l\ 10 n M O DAR-1 Ul#8*£ (10 /z M, 50 n M, 100 it M) <D NOC g£ j&An LT 37t 

T?R£$i3rfc. t3t3tS<7)^tl4S^30U>B5^^aiJ^t, asjfcfcfiii, Ex.565nm 

-Em.580nm i Lfc 0 g*£l2 2 1^1". 0«K (aJRVOtftt^ft-efc N0C12 R 

WN0C13 Srfflv^S^©e*«r*L-C*J»?, 1, 2 XV 3 SfeVfc l\2'&tf 3' li, 
•ttl-^tl 10/zM,50/iM 100 ix U <D NOC Jg*r#?SE$-a:fc*g'©^***L-CV^ 
5 0 mbCg^b, DAR-1 *»6-»<ta*4j*ftlCtfe*L"Ch , J7'/-^# 

(DAR-it)#£j£LT&<9, -«fl:«*«*tr]E»KKIfcLfc**aM6*fl:**ai 

DAR-1 #-IWkS[#tRrt?UT±*1-5 M7/-/MJw£$SlD p n £ 0. 1 M 'J 
^KfiWSfc (pH7.4) \l®MLX, &J&mwz.fcCtc%%¥kmm\ii%MLit 0 

%%,<DMfe&%\$ Ex. 565 nm -Em. 580 no t Lit. £*fcH 3 
#j 7 : pH <D%Wl\Z.£ 5&£3g{fc 

dar-it *jfi*t ioo mm <Dfcg-e&fi?Lfc. pH © y y 

ttttffffi (78mM) 1/iM ittS^Jk^D^-CRJfeAfttWi^fMC© 
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SS£&fTofc 0 %yt<Dmfe&&l± Ex. 565 ran -Em. 580 ran T*ffofc 0 

H4lc*t. B«K (a) tt»*fiWUt«)tt*«:*L» (b) tt£3fe»£«!l£<&g* 
fc3*f. r©JS**>b, DAR-lT iiqjtt*»f> pH4ggw^tt^|dfc^-cii^ 

LPS(12. 5Mg/ml), INF- y (150 U/ml), IL-1 0 (25U/ml), TNF- a (30 ng/ml) "Cfij 
*LT-»ft2*^»*0»l3l«:ffofc e ft 12 Lfcm, 
DAR-1EE («2, 10/xM) t»»Lfc Krebs-Ringer- U ^MNI (KRP) t» 
iM&rtfc. DAF-1 EE 37tT? 1 Lt&* to&t: 

ft#U L-Arg X\i L-NMMA £«Lfc KRP fc£$Lfc. lM&rt©&# 

l©IIB*&fl:$:£#SSIWfcT (Ex. 530-560 ran, Em. 550-610 nm, |g^X20) Ic 

&!Hi^£ji£U£v«! b)^Nos «rjbD (c) -en* 

Oft**tt» -IMME* t X < LT«5ttt©«(II) ©fb***4iL5tt 
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it <d ffi m 

R 1 R 2 




&^L;R\ R\ R\ Rt) 5 R s {l-e^tl*ll4^C l . 6 7yl'^S^L ;R\.R 8 , R\ 
2. R\ R\ R 5 , &tf tfafctfvvg-CfcO ;R 7 , R\ R\ Rtf R 10 ^^^^-Cfo 

4. TEW-lxS; : 



R 21 R 22 




R 21 RtfR 22 HtEV^tt*UT7*=/Wi±©||tgStfc(a:fil-itS:®* 

1-5-N-N-NR 41 - (Stf, R 4 ' l±*HHi(i\ C,_„ 7A*fi>& Xl4fiifcgL< fiSS 
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m&T7A'*A'&%m-) ■e*£*iax**+a», xiiR 21 r 22 127*-^ 

S±©i^Lfcftfifcfiifc1-37$/SRtf- hnS©iB*^fc*S:*L jR 23 , 
R 24 ; R 25 , RX? R 26 tt*;fc«l»4fc C,. 6 7A"¥A36«r* t ; R 27 , R 28 » R 29 » 
R 30 tttii'WaafcfcJWK*, C M 7^^/WS, 7y^S. Xli^n^y 
JK^fevU R 3 ' tt**«^XttC,.,, 7/w^S^t, Y - BBtf *y**"t] 

(1) «#o«sfflfg 1 *sx tt$ 2 9itE*«>fk^i|jb &-8ftftS* kfcfcZKZT 

(2) ±151^(1) t*V>T4l^5»*©ttHIR4«tlE«©flS^*Sr*ai-« 
IS 
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